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Dispatchesthat whether cell bodies are segregated
or embedded within neuropile depends
upon the relative volume of the soma and
the stem; a larger soma favouring the
segregated arrangement.
Together the studies of Hesse and
Schreiber [4] and Rivera-Alba and
colleagues [13] demonstrate that there
are good reasons why large somata are
typically found at the ends of stem
neurites rather than interposed between
dendrites and axon, and are often
segregated from the neuropile. These
studies [4,9] have made considerable
progress in explaining why neurons
from different animal phyla have such
different morphologies. Yet they are far
from the final word on such differences,
and numerous questions remain
unanswered. For example, although the
studies [4,13] tell us which arrangements
are favourable for large or small somata,
they do not explain why such differences
in size exist. The giantism of the somata of
some mollusc neurons may be necessary
to support greater pre-synaptic function
[16], an explanation that may also account
for giantism of the somata of some
arthropod neurons. Yet this is only
a partial explanation because it doesn’t
explain why vertebrate neurons do not
show similar giantism.
Another puzzle is why when somata do
become extremely small in arthropods, as
they do in the smallest insects and spiders
[17–19], their positions do not switch from
external to central. In these cases the
entire nervous system has undergone
miniaturisation, so it is possible that the
relative size of the stem neurite remains
relatively smaller so that there would be
no reason to switch. However, another
possibility is that a developmental
constraint prevents these arthropods
from switching unipolar neurons to bipolar
or multipolar neurons within short
evolutionary timescales. Whatever the
answers to these and the many other
questions that abound, the differences
between vertebrate and invertebrate
nervous systems will continue to intrigue
scientists for many years yet.
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Robust but dynamic attachment between kinetochores and spindle
microtubules is an essential prerequisite for accurate chromosome
segregation and for preventing aneuploidy. A pair of recent studies
has shed light on the details of how the molecular machinery that
orchestrates these attachments is recruited to mitotic kinetochores.The separation of duplicated sister
chromatids into two new daughter cells
during mitosis is accomplished by
the attachment of microtubules to
chromosomes. Kinetochores, a hierarchalassembly of 100 proteins formed at the
centromeric region of chromosomes,
are the sites where these attachments are
formed and maintained [1]. The KMN
network, comprised of the Knl1, Mis12
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Figure 1. A model depicting the two pathways associated with kinetochore recruitment of
the KMN network.
In one pathway illustrated on the top portion of the model (above the microtubule), CDK1-dependent
phosphorylation events at the amino terminus of CENP-T first recruit the Ndc80 complex, which then
coordinates with the CENP-H, -I, -K sub-complex of CCAN (not depicted) to recruit Mis12 and Knl1. In
the 2nd pathway shown at the bottom portion of the model (below the microtubule), phosphorylation
of the Dsn1 subunit of the Mis12 complex by Aurora B kinase is important for the initial co-dependent
kinetochore recruitment of Mis12 and Knl1 by CENP-C. Mis12/Knl1 in turn recruits the Ndc80 complex.
The arrows and numbers depict the likely sequence of events that occur in both the pathways. One or
both of these pathways could function independently or in combination for optimal KMN recruitment,
microtubule attachment and SAC signaling at kinetochores.
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Dispatchesand Ndc80 complexes, is the key
microtubule-binding interface at mitotic
kinetochores. The components of this
network also serve as receptors for
downstream regulatory pathways,
especially the spindle assembly
checkpoint (SAC), an essential
surveillance mechanism that ensures the
fidelity of chromosome segregation [2,3].
The kinetochore recruitment of KMN
is hence crucial for the efficacy of
chromosomal segregation. It is well
established that the components of the
constitutive centromere associated
network (CCAN) have an integral role
in kinetochore assembly and the
recruitment of KMN [4]. Two recent
studies, one in Current Biology and
another in the Journal of Cell Biology,
have delved deeper into the intricacies
of these CCAN-dependent mechanisms
to illustrate the organizational details
of the pathways involved in this
process [5,6].
Previous studies have demonstrated
the existence of dual pathways involving
two different CCAN components,
CENP-C and CENP-T, to recruit KMN
(Figure 1) [7–13]. However, since both
pathways might exist at endogenous
kinetochores, it has been difficult to
discern the differences between them
downstream of CCAN. The study by Rajo
et al., from Iain Cheeseman’s group at
theMITWhitehead Institute [5] focuses on
differentiating these two pathways
by experimentally targeting the key
component of each pathway separately to
ectopic sites away from the centromeres,
an approach they had previously used to
study kinetochore assembly at ectopic
centromeres [7]. Using this assay, they
find that the amino-terminal 100 amino
acids (a.a.) of CENP-C are necessary
and sufficient to recruit all the
components of the KMN network, in
agreement with previously published data
[7–10]. When analyzing KMN recruitment
downstream of CENP-T, they find that
an amino-terminal fragment of CENP-T
(a.a. 1–106) was able to successfully
recruit Ndc80, consistent with previous
studies [7,11–13], but this fragment was
unable to recruit Knl1 or Mis12. Further
experiments revealed that recruitment
of Knl1/Mis12 requires a larger fragment
of CENP-T, a.a. 1–230, in addition to
the region that is required for Ndc80
recruitment. These findings suggest thatCalthough both pathways might function
in parallel at endogenous kinetochores,
they each have distinct requirements for
KMN recruitment.
The authors then focused upon the
dependency relationships between KMN
components in the CENP-C and CENP-T
pathways. Previous research suggests
that Knl1 interacts with Mis12 to
recruit Ndc80 downstream of CENP-C
[8–10,14,15]. To study this further,
they used siRNA-mediated depletion
for each KMN component and measured
the recruitment of the unperturbed
components to either CENP-C or
CENP-T. Their findings are consistent
with previous results in that Knl1
and Mis12 are co-dependent in their
recruitment to both CENP-C and CENP-T
[15,16]. The Ndc80 complex is recruitedurrent Biology 25, R328–R347, April 20, 2015 ªdownstream of Knl1/Mis12 to CENP-C
[14–16], which, in turn, might play a
stabilizing role in KMN recruitment to this
locus [15]. On the other hand, Ndc80
recruitment occurs upstream of Knl1/
Mis12 in the CENP-T pathway. These
results were further substantiated by
siRNA experiments at endogenous
HeLa cell kinetochores.
The researchers then directed
their attention to understanding the
parameters of KMN assembly
downstream of CENP-C and CENP-T.
Their previous work had revealed a
role for CDK1-mediated phosphorylation
of CENP-T in the recruitment of
Ndc80, and consequently the entire
KMN [7,17]. In order to determine if CDK
regulates Ndc80 recruitment, they
produced cells expressing CENP-T with2015 Elsevier Ltd All rights reserved R333
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Dispatchesnon-phosphorylatable mutations at two
sites in the amino-terminal region that
were previously shown to be CDK1
phosphorylation sites. Eliminating these
phosphorylation sites hindered the
recruitment of Ndc80 to CENP-T [12].
Their findings suggest that CENP-T has
two functional Ndc80 binding sites but it
is not clear whether a single CENP-T
recruits two Ndc80 complexes or if these
two sites collaborate to bind a single
Ndc80 complex. To understand the
regulation of Knl1 and Mis12 assembly
downstream of CENP-T, they generated
cells expressing mutations in a region
within CENP-T that their studies predict
to be involved in recruiting Knl1 and
Mis12. They find that Ndc80 recruitment
is unaffected in this case while that of
Knl1/Mis12 is drastically reduced.
The second study, by Kim and Yu from
Hongtau Yu’s group at Southwestern
Medical Center [5], primarily approaches
this issue from the angle of the KMN
network as the key receptor for proteins
involved in SAC. The authors use
siRNA-mediated knockdown of different
KMN components to study its effect on
KMN assembly. From experiments
involving partial and complete
knockdown of the Ndc80 and Mis12,
separately or in combination, they found
that Ndc80 and the intact KMN network
bound to CENP-C is critical for SAC
signaling at kinetochores. On the other
hand, Ndc80 alone, presumably recruited
by the CENP-T pathway [5,6], is unable to
generate sufficient SAC signal in the
absence of Mis12 at kinetochores.
The recruitment of the Ndc80 complex
to kinetochores by the CENP-T pathway
occurs through the Ndc80-binding
domain of CENP-T [11,12] and is
regulated by CDK1-dependent
phosphorylation of CENP-T [12,17].
Strikingly, Kim and Yu find that the
recruitment of the entire KMN network
by this pathway is not dependent on
the Ndc80-binding domain of CENP-T.
Instead, this mode of KMN recruitment is
dependent on CENP-T indirectly, as the
latter contributes towards the localization
of some of the other components of the
CCAN, including the CENP-H, -I and -K
sub-complex, to kinetochores and thus in
maintaining the proper integrity of the
CCAN. The study further demonstrates
that the CENP-H, -I, -K sub-complex is
able to directly interact with Ndc80, whichR334 Current Biology 25, R328–R347, April 2in turn presumably performs a key
directive role in the assembly of the rest
of the KMN network at kinetochores.
Aurora B kinase phosphorylates several
kinetochore targets, including many
components of the KMN network,
to regulate kinetochore microtubule
attachments [18]. One previous study
showed that Aurora B is essential for
recruiting KMN to CENP-C [19] while
another found that Aurora B inhibition
only interfered with KMN recruitment
partially [20]. Rajo et al. thus asked what
the effects of Aurora B inhibition were with
regard to KMN recruitment when CENP-C
and CENP-T pathways were analyzed
independently [6]. Their results show a
significant decrease in KMN localization
to CENP-C, consistent with the previous
studies [19,20]. Recruitment of Ndc80 to
CENP-T was unaffected by the inhibition
of Aurora B; however, there was a
significant decrease in the recruitment
of Knl1/Mis12. These findings suggest
that Aurora B may play a supporting role
in Knl1/Mis12 recruitment downstream
of the CENP-T pathway. One of the key
targets of Aurora B is the Dsn1 subunit of
Mis12 [19,20]. The Kim et al. study
combines the approach of knockdown of
KMN components with Aurora B inhibition
and rescue experiments involving
different phospho-mutants of Dsn1 to
demonstrate that this phosphorylation
event is important to strengthen the
interaction of Mis12 and the intact KMN
network with CENP-C, thus contributing
to the effective targeting of the KMN
network to kinetochores [5].
The two studies described above have
delved further into the mechanism of how
kinetochores recruit the KMN network
through the previously identified CENP-C
and CENP-T pathways. The major
consensus that emerges is that there is an
inverse relationship of the order in which
the KMN components are recruited by the
two different pathways. Mis12 and Knl1
get recruited first through the CENP-C
pathway that in turn recruits the Ndc80
complex. On the other hand, CENP-T
recruits the Ndc80 complex through the
CENP-T pathway, and together they are
instrumental in recruiting Knl1 and Mis12
(Figure 1). The CENP-H, -I, -K sub-
complex of the CCAN seems to perform
an important role in synergizing KMN
recruitment by this pathway but the
nature of its interaction with the Ndc800, 2015 ª2015 Elsevier Ltd All rights reservedcomplex remains to be clearly defined.
There is also a clear need to understand
if and how these two pathways converge
at endogenous kinetochores. Better
understanding the molecular
mechanisms of how this fascinating
network of proteins is recruited and
assembled at the kinetochore will take us
one step closer to truly understanding the
role it performs in critical functions like
microtubule attachment and SAC at
kinetochores.
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Why are some defence mechanisms expressed constitutively, while others are induced only upon exposure?
Experimental evolution in a bacteria–phage system provides empirical support for the prediction that high
frequency of exposure to parasites selects for constitutive defence despite associated costs.Organisms that come under attack by
natural enemies such as parasites or
consumers can preserve fitness with
appropriate defence. But what type of
defence is appropriate? Constitutive
defence is always at the ready, whereas
inducible defence is mounted upon
exposure to a threat [1]. Constitutive
defence might seem the better strategy,
to minimize vulnerability to attack.
However, defences can be costly to
mount and maintain. Host responses
against parasites, for example, can incur
energetic costs (e.g., if resources
allocated to immunity detract from those
available for growth or reproduction [2]),
multiple-fronts costs (e.g., if defence
against one infection impairs defence
against another) and/or
immunopathological costs (e.g., if
immune responses cause collateral
damage to host tissue [3]). The optimal
defence theory [4] and other formal
frameworks (such as [5–7]) predict that
only at high frequency of exposure will
benefits outweigh the costs of
constitutive defence. Conversely, whenexposure is infrequent, inducible defence
should be optimal. A new study published
in this issue of Current Biology by Westra
et al. [8] provides compelling empirical
support for this body of theory.
The distinction between constitutive
and inducible defences is well
described in a variety of systems.
Examples of constitutive defence of
mammals against infection include
permanent physical and chemical
defences, such as the low pH of
stomach acid and the constant
production of genetically encoded
lytic molecules that kill blood parasites
such as trypanosomes (for example, [9]).
In many cases, an induced response
only becomes necessary when such
defences are breached or overcome.
The armamentarium of the mammalian
immune system is then famously
inducible in defending against
parasites.
Elucidating the selection pressures
that favor constitutive versus inducible
defence strategies has proven
challenging, however. Part of the difficultyis that theory suggests that a wide array
of factors may select for inducible
rather than constitutive defence. These
include low frequency of exposure and
high cost of defence but also reliable
cues, rapid upregulation and high
efficacy of defence [1]. Designing a
study to dissect the relative
contributions of these factors to
defence evolution is no mean feat.
Empirical detection poses further
challenges. Testing whether frequent
exposure makes benefits outweigh
costs and selects for constitutive
defence, for example, requires
demonstrable costs of defence, tight
control of exposure to natural enemies,
and close observation over relevant
timescales. Yet costs are notoriously
difficult to quantify. Dose and timing of
exposure can be tough to understand,
let alone control, in a microbial world (for
example, [10]). And slow induction and
decay of a response can hamper
measurement of costs and benefits. All of
this may help to explain why, more than
30 years after Rhoades proposed the2015 Elsevier Ltd All rights reserved R335
